ABSTRACT PURPOSE: To assess the change in corneal volume and laser ablation volume over time after LASIK using a rotating Scheimpfl ug camera.
METHODS:
Twenty-six patients (49 eyes) underwent LASIK. Pentacam Scheimpfl ug measurements were performed pre-and postoperatively at 1, 3, 7, 15, and 30 days. Central corneal thickness, total corneal volume (10-mm diameter), and partial corneal volumes (3, 5 , and 7 mm) based on the apex of the cornea, were measured. Main outcome measures were differences between pre-and postoperative volume measurements of total and partial corneal regions, volume changes over time postoperatively, and comparison between laser ablation volume and corneal volume.
RESULTS: A strong linear relationship was noted between spherical equivalent refraction and laser ablation volume (r=Ϫ0.931, PϽ.0001). Furthermore, 30 days after LASIK, a strong linear relationship was noted between planned thickness and achieved thickness (r=0.9457, PϽ.001). Corneal volumes for 3-, 5-, and 7-mm diameter regions signifi cantly decreased over time postoperatively (one-way analysis of variance, PϽ.05). O ptical coherence tomography and Scheimpfl ug principle are means to evaluate the anterior eye segment. Optical coherence tomography is a non-contact optical system designed to image the anterior segment of the eye. 1 The Scheimpfl ug principle applies to the optical properties involved in the photography of objects when the plane of the object is not parallel to the imaging plane of the camera. 1 The plane containing the slit beam and the plane of the image intersect at one point, with the corresponding angles being equal. 1 Pentacam (Oculus Optikgeräte GmbH, Wetzlar, Germany) measurements of corneal thickness and anterior chamber depth are reproducible in normal eyes 2 and for corneal parameters such as apical, central, and thinnest corneal thickness; horizontal, vertical, peripheral, and mean radii of curvature from the anterior as well as posterior corneal surface; and anterior chamber depth and volume in eyes that have undergone LASIK. 3 Laser in situ keratomileusis is currently the procedure of choice for correcting moderate to severe myopia and myopic astigmatism. In this technique, a hinged fl ap is created and folded back, and the exposed stroma is photoablated using an excimer laser. In LASIK for myopia, stromal tissue is removed so that the curvature of the central cornea is fl attened to compensate for the excessive refractive power or longer axial length of the myopic eye. 4 In the present study, corneal volume was evaluated over time after LASIK, correlating the values to laser ablation volume.
CONCLUSIONS:

PATIENTS AND METHODS
PATIENTS AND SURGICAL METHOD
This prospective, nonrandomized study included 49 eyes of 26 patients who underwent LASIK for myopia and myopic astigmatism. This study was approved by the Ethics Committee of the Federal University of São Paulo, Brazil.
Surgical technique, including volume of irrigating solutions, was the same for all procedures. The corneal fl ap was created with a Carriazo Barraquer manual microkeratome (Moria, Antony, France) set at 160 µm. Conventional photoablation was performed with the LADARVision4000 excimer laser (Alcon Laboratories Inc, Ft Worth, Texas) within a 6.5-mm treatment zone.
SCHEIMPFLUG EVALUATION OF THE ANTERIOR EYE SEGMENT
Scheimpfl ug analyzer (Pentacam) measurements were performed pre-and postoperatively at 1, 3, 7, 15, and 30 days. Pentacam possesses a rotating Scheimpfl ug camera that takes up to 25 slit images of the anterior segment in less than 2 seconds using a blue lightemitting diode. Only the scans with a quality factor of Ͼ95% were chosen for analysis.
Corneal thickness, total volume, and partial volumes were obtained from the Scheimpfl ug analyzer measurements. Corneal total volume was calculated based on the apex in a 10-mm diameter region and partial volumes were obtained from 3-, 5-, and 7-mm diameter regions, as determined by pachymetry. Laser ablation volume was obtained from surgical data, multiplying the volume per shot by the total amount of shots. (The laser ablation volume is a theoretical value that assumes volume per shot. It is not a clinically measured value.)
Initially, a descriptive analysis was performed. Pearson's linear coeffi cient (r) was then estimated to quantify the relationship between spherical equivalent refraction with рϪ0.50 diopters (D) of astigmatism and the volume of ablation, planned thickness and achieved thickness, and the volume of ablation and changes (preoperative minus postoperative) in total and partial volumes. Repeated measures analysis of variance (ANOVA) was used to compare the mean change in volume of the 3-, 5-, 7-, and 10-mm diameter regions over time postoperatively. For analysis, using one-way ANOVA with Student-Newman-Keuls test for continuous variables, Pearson's correlation test was used to determine correlations with SPSS version 15 (SPSS Inc, Chicago, Illinois). Probabilities Ͻ5% were considered statistically significant. For repeated tests, the Bonferroni correction was used to correct for cumulative type I errors. Corneal Volume After LASIK/Diniz et al Dispersion graphs (Fig 3) were applied to quantify the linear relationship between laser ablation volume and alterations in corneal volume of the 3-, 5-, 7-, and 10-mm diameter regions. A linear relationship was noted between ablation volume and change in the corneal volume of the 10-mm diameter region postoperatively (r=0.314, P=.036). A strong linear relationship was present between ablation volume and change in volume in the 3-mm (r=0.769, PϽ.0001), 5-mm (r=0.723, PϽ.0001), and 7-mm (r=0.502, PϽ.0001) diameter regions.
RESULTS
Twenty
Mean total cornea volumes preoperatively and postoperatively on days 1, 3, 7, 15, and 30 are shown in Table 2 . Corneal volumes for the 3-, 5-, and 7-mm diameter regions signifi cantly decreased over time postoperatively (one-way ANOVA, PϽ.05) (Fig 4) .
DISCUSSION
Only a few studies in the literature report changes in corneal volume measured by Pentacam (Scheimpfl ug system). 5, 6 Pentacam-determined corneal volumes are considered useful for assessing corneal damage caused Corneal Volume After LASIK/Diniz et al by phacoemulsifi cation and aspiration. 5 Previous studies using this method demonstrated that corneal volume distribution and increase in volume were different among keratoconic corneas and normal corneas, and therefore these data can serve as guidelines for diagnosis of keratoconus and/or screening of refractive surgery candidates. 6 Additionally, statistically signifi cant differences in corneal volume measurements are present between mild keratoconus and severe keratoconus, and corneal volume readings are signifi cantly different between control groups and all keratoconus groups. 7 Analysis of the anterior segment of refractive surgery candidates shows that patients with myopia have a lower mean corneal volume than hyperopic patients. 8 On the other hand, comparison of pre-and postoperative anterior segment measurements with Pentacam in horizontal muscle surgery reveals insignifi cant changes in keratometry readings, including corneal volume. 9 To our knowledge, no reports have yet to determine corneal volume after LASIK using a Scheimpfl ug system. In the present study, we found a strong linear relationship between the spherical equivalent refraction to be corrected and laser ablation volume (r=Ϫ0.931). Confi rming the previously established accuracy of the Scheimpfl ug system, 3,10 our results also indicated a strong linear correlation (r=0.894) between the planned and achieved thicknesses.
To assess whether the Pentacam system can be used to detect changes in corneal volume after LASIK, correlation tests were performed between the differences in pre-and postoperative corneal volumes and laser ablation volume. This analysis demonstrated that it is possible to assess the amount of volume change in the 3-, 5-, 7-, and 10-mm diameter regions based on the apex of the cornea.
Within the 3-, 5-, and 7-mm diameter regions, the correlation was high (r=0.769, r=0.723, r=0.502, respectively), which can be explained by the type of myopic treatment performed, according to the work of Munnerlyn et al, 11 in which maximal depth of ablation occurs at the center of the treatment zone. An explanation for the weak correlation of corneal volume in larger diameter regions (within 10 mm, r=0.314) is the fact that due to the angle of incidence, the light of the laser beam is oval-shaped towards the periphery, resulting in less fl uence and suboptimal ablation (ie, removes less tissue in the periphery). We must also consider that keratocytes mediate the production of a variably thick lamellar corneal stromal scar, resulting in a greater thickness at the periphery of the fl ap. 12 Previous histologic, ultrastructural, and immunofl uorescent evaluation of human LASIK corneal wounds 12 showed that the fl ap wound margin, which is adjacent to the epithelium, heals by producing an approximately 8-µm-thick hypercellular fi brotic stromal scar, whereas the central and paracentral wound regions heal with a thinner (approximately 5-µm) hypocellular primitive stromal scar. Immunofl uorescence studies identifi ed an increase in type 3 collagen and myofi broblasts in the hypercellular fi brotic scar regions and a decrease or absence of all corneal stromal components other than type 1 collagen in the hypocellular primitive scar regions. 12 Durairaj et al 13 reported that hydration of the cornea changes during LASIK. After fl ap creation, dehydration of the cornea is expected due to microkeratome suction and compression. The increase in central corneal thickness or volume can be explained by rehydration of the cornea, which causes edema. The increased corneal hydration seems to occur early during surgery. Edema is greatest after repositioning the fl ap, then decreases slightly. Some pachymetry studies revealed that transient swelling disappears on the fi rst postoperative day 14 and edema continues to decrease during the early postoperative period, disappearing by the fi fth day after LASIK. 15 The fi ndings of the present study indicate the usefulness of the Scheimpfl ug system for evaluating corneal volume after LASIK. The changes in corneal volume were consistent with laser ablation volume when the diameter considered was within a 3-, 5-, or 7-mm area from the apex of the cornea. This system may be useful for monitoring postoperative results and for detecting discrete changes in corneal volume and should contribute to the early detection of complications such as corneal ectasia. 
